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Description 

METHOD OF PROGRAMMING A FLASH 

MEMORY THROUGH BOOSTING A 
VOLTAGE LEVEL OF A SOURCE LINE 

Background of Invention 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method for program- 
ming a flash memory. In particular, the present invention 
discloses a method of programming a flash memory 
through boosting a voltage level of a source line. 

[0003] 2. Description of the Prior Art 

[0004] Recently, the demand on portable electronic devices 

grows dramatically. Therefore, advanced technology asso- 
ciated with the flash memory or the electrically erasable 
programmable read-only memory (EEPROM) is developed, 
and the corresponding market is prosperous. The portable 
electronic devices include films of digital cameras and 
storage devices of cellular phones, video game appara- 



tuses, and personal digital assistants, answering ma- 
chines, and programmable ICs. The flash memory is a 
non-volatile memory, and it records data through altering 
a threshold voltage of a transistor (a memory cell) to con- 
trol establishment of the conductive channel. In addition, 
the stored data are not flushed when the electric power 
inputted into the flash memory is cut. Generally speaking, 
the flash memory is cataloged into an NOR cell type and 
an NAND cell type. It is well-known that the NOR flash 
memory has quick data access, and commonly functions 
as a code flash device for processing program codes. In 
addition, the NAND flash memory has a greater cell den- 
sity, and commonly functions as a data flash device for 
storing massive data. 
[0005] Please refer to Fig.l, which is a section view of a prior art 
NAND flash memory 10. The flash memory 10 has an N- 
doped substrate 11, a deep P-well (DPW) 12, a cell N-well 
(CNW) 14, a shallow P-well (SPW) 16 isolated by a shallow 
trench isolation (ST!) 15, and an NAND memory cell string 
18. The NAND memory cell string 18 has a plurality of 
NMOS memory cells cascaded in series. In other words, 
the NAND memory cell string 18 shown in Fig.l has 8 cell 
transistors M^-M^ functioning as the NMOS memory cells. 



Each of the cell transistors M -M has a stacked gate 

0 7 ^ 

Structure. The stacked gate structure has a control gate 
20 and a floating gate 22. The word lines WL^-WL^ are re- 
spectively connected to control gates 20 of the cell tran- 
sistors Mq-M^- That is, one control gate 20 corresponds to 
a specific word line for receiving a word line voltage. One 
side of the NAND memory cell string 18 is connected to a 
source line selecting transistor SGS. The source line se- 
lecting transistor SGS has a structure identical to that of 
the cell transistor M -M . Therefore, the source line se- 
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lecting transistor SGS also has a control gate and a float- 
ing gate. However, the control gate and the floating gate 
of the source line selecting transistor SGS are electrically 
connected. One end of the source line selecting transistor 
SGS is electrically connected to a source of the cell tran- 
sistor within the memory cell string 18, and another 
end of the source line selecting transistor SGS is electri- 
cally connected to the cell N-well 14. The cell N-well 14 is 
used for delivering a source line voltage, and functions as 
a source line (SL). The source line selecting transistor SGS 
is used to control if the cell transistor is electrically 
connected to the source line SL. At another side of the 
NAND memory cell string 18, a contact plug 24 is electri- 



cally connected to a drain of the cell transistor M^, and 
contacts the shallow P-well 16. In other words, the drain 
of cell transistor is electrically connected to the shal- 
low P-well 16. In addition, the contact plug 24 also con- 
tacts a local bit line (LBL) 26, and the local bit line 26 is 
electrically connected to one end of a main bit line select- 
ing transistor SGB through another contact plug 28. The 
main bit line selecting transistor SGB is formed on a P- 
well 32, and functions as a switch used for controlling if a 
driving voltage delivered via a main bit line (MBL) 30 is 
passed to the local bit line 26. 
[0006] Please note that only one memory cell string 18 is shown 
in Fig.l. However, as shown in Fig.l, another source line 
selecting transistor, which is electrically connected to the 
cell N-well 14, is positioned near one side of the source 
line selecting transistor SGS. This source line selecting 
transistor is also used for controlling if cell transistors of 
another memory cell string (not shown) are electrically 
connected to the source line. Concerning the same local 
bit line 26, it can be connected to a plurality of memory 
cell strings 18. For example, the same local bit line 26 is 
capable of delivering one bit line voltage to 8 memory cell 
strings 18 for control operations of the cell transistors 



within 8 memory cell strings 18. 
[0007] Please refer to Fig. 2, which is a first equivalent circuit dia- 
gram of the flash memory 10 shown in Fig.l. Please note 
that only 8 cell transistors M^-M^ within one memory cell 
string 18 are shown in Fig.l for simplicity. However, the 
flash memory 10 actually is capable of having a plurality 
of memory cell strings 18, and each memory cell string 18 
can be built by a plurality of cell transistors. The cell tran- 
sistors respectively correspond to different bit lines and 
word lines. In Fig. 2, the flash memory 10 has two memory 
cell strings 34a, 34b, and each of the memory cell strings 
34a, 34b has 8 cell transistors M^-M^. The memory cell 
string 34a corresponds to a local bit line LBL^ and a main 
bit line MBL . A shallow P-well SPW is used to function as 
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a buried bit line electrically connected to the local bit line 
LBL . In addition, a P-N junction between the shallow P- 
well SPW^ and the cell N-well CNW can be regarded as a 
diode 36a. Similarly, another P-N junction between the 
deep P-well DPWand the cell N-well CNW functions as a 
diode 36b as well. 
[0008] Concerning another memory cell string 34b, it corre- 
sponds to the local bit line LBL^ and the main bit line MBL 

. A shallow P-well SPW is used to be a buried bit line 
1 1 



electrically connected to the local bit line LBL^. In other 

words, both of the memory cell strings 34a, 34b have the 

same structure. However, the operation of the memory 

cell string 34a is controlled by the local bit line LBL^ and 

the main bit line MBL^, and the operation of the memory 

cell string 34b is controlled by the local bit line LBL^ and 

the main bit line MBL . 

1 

[0009] vvith the help of the main bit line selecting transistors SGB 

, SGB that control signals transmitted via the main bit 
o' 1 ^ 

lines MBL^, MBL^ and the source line selecting transistors 

SGS , SGS that control signals transmitted via the source 

o' 1 ^ 

line SL, the prior art flash memory 10, as shown in Fig. 2, 

utilizes the buried bit lines established by the shallow P- 

wells SPW , SPW to activate Fowler-Nordheim (FN) tun- 
o' 1 

neling through low driving voltages. For example, sup- 
pose that the cell transistor within the memory cell 
string 34b is selected, and needs to be programmed for 
keeping data. Now, the deep P-well DPW corresponds to a 
voltage level equaling OV, and the word line WL^ corre- 
sponding to the selected cell transistor is driven by a 
word line voltage equaling lOV. Regarding the unselected 
word lines WL -WL , WL -WL , they are driven by a word 

0 2' 4 7' ^ 

line voltage equaling OV. In addition, the main bit line MBL^ 



corresponding to the selected cell transistor is driven 
by a bit line voltage equaling +7V, and the unselected 
main bit line MBL^ is driven by a bit line voltage equaling 
OV. 

[0010] After the voltage level of the main bit line MBL^ is driven 
by a charge pump circuit to approach +7V, a driving volt- 
age equaling +9V is inputted to the gates of the bit line 
selecting transistors SCB^, SGB^, and another driving volt- 
age equaling 2V is inputted to the gates of the source line 
selecting transistors SGS^, SGS^. Then, the bit line select- 
ing transistors SGB , SGB are turned on. Therefore, the 

^01 

main bit line MBL^ starts driving voltage levels of the local 

bit line LBL and the buried bit line built by the shallow P- 
0 ^ 

well SPW^ to approach OV. In addition, the main bit line 

MBL^ starts driving voltage levels of the local bit line LBL^ 

and the buried bit line built by the shallow P-well SPW to 
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approach +7V. Because the source line selecting transis- 
tors SGS , SGS are not turned on, one side of each mem- 
o' 1 ' 

ory cell string 34a, 34b is floating. Based on the above- 
mentioned conditions, the selected cell transistor M 

3 

within the memory cell string 34b expels electrons from 
its floating gate through the FN tunneling mechanism. The 
selected cell transistor is adjusted to have a lower 



threshold voltage, and the selected cell transistor is 
successfully programmed to record a predetermined logic 
value. 

I] Generally speaking, the prior art flash memory 10 needs 
200m s to complete the above-mentioned programming 
operation, wherein 10m s is required by the charge pump 
circuit to drive the voltage level of the main bit line MBL^ 
to approach +7V. Suppose that one memory block con- 
tains 4k main bit lines, and each main bit line has a ca- 
pacitance value equaling 6pF. Therefore, when all of the 
cell transistors at the same bit line are going to be pro- 
grammed, the charge pump circuit has to simultaneously 
drive voltage levels of the 4k main bit lines to approach 
+ 7V. According to the well-known formula Q=C*V, that 
is, 7V*4k*6pF=10M s*l, it is obvious that the required 
maximum driving current I corresponds to 16.8mA. Be- 
cause the main bit line has a greater capacitance value, 
the charge pump circuit needs to have a great driving ca- 
pacity for driving the voltage levels of the main bit lines to 
approach +7V in 10m s. In other words, the charge pump 
circuit requires a larger chip area to accommodate desired 
circuit components used for generating the needed driv- 
ing current. Therefore, it is difficult to reduce the overall 



size of the flash memory 10 owing to the implemented 

charge pump circuit. 
Summary of Invention 



[0012] It js therefore a primary objective of this invention to pro- 
vide a method of programming a flash memory through 
boosting a voltage level of a source line. 

[0013] Briefly summarized, the preferred embodiment of the 
present invention provides a method of programming a 
non-volatile memory. The non-volatile memory comprises 
n cell transistors cascaded in series, wherein each cell 
transistor has a control gate, a floating gate, a source, and 
a drain; a local bit line positioned above the n cell transis- 
tors, wherein the local bit line is electrically connected to 
a drain of a 1^^ cell transistor; a buried local bit line posi- 
tioned under the n cell transistors, wherein the buried lo- 
cal bit line is electrically connected to the drain of the 1^^ 
cell transistor; and a source line positioned under the 
buried local bit line, wherein the source line is capable of 

th 

being electrically connected to a source of a n cell tran- 
sistor. The method comprises inputting a word line volt- 

th 

age to a control gate of a k cell transistor and floating 
the local bit line, and inputting a first source line voltage 
to the source line for increasing a voltage difference be- 



tween the control gate of the k cell transistor and the 
buried local bit line through capacitance coupling between 
the buried local bit line and the source line. The voltage 
difference is used to adjust an amount of electrons stored 
on the floating gate of the k**^ cell transistor for program- 

th 

ming the k cell transistor. 

[0014] It is an advantage of the present invention that a charge 
pump circuit encounters a smaller loading capacitor when 
driving a source line. Therefore, the charge pump circuit 
is merely required to provide a small driving current. 
Therefore, the power requirement of the charge pump cir- 
cuit is eased, and the chip size occupied by the charge 
pump circuit is reduced. 

[0015] These and other objectives of the present invention will no 
doubt become obvious to those of ordinary skill in the art 
after reading the following detailed description of the pre- 
ferred embodiment, which is illustrated in the various fig- 
ures and drawings. 
Brief Description of Drawings 

[0016] Fig.l is a section view of a prior art NAND flash memory. 

[001 7] Fig. 2 is a first equivalent circuit diagram of the flash 
memory shown in Fig.l. 



[0018] Fig. 3 is a timing diagram illustrating operations of pro- 
gramming a flash memory according to the present inven- 
tion. 

[0019] Fig. 4 is a second equivalent circuit diagram of the flash 

memory shown in Fig.l. 
Detailed Description 

[0020] Please refer to Fig. 3 in conjunction with Fig. 2. Fig. 3 is a 
timing diagram illustrating operations of programming a 
flash memory according to the present invention. The 
method of programming a flash memory according to the 
present invention is applied to the flash memory 10 
shown in Fig.l and Fig. 2. Because the component struc- 
ture shown in Fig.l and the circuit structure shown in 
Fig. 2 are clearly described before, the lengthy description 
is not repeated. Suppose that the cell transistor within 
the memory cell string 34b shown in Fig. 2 needs to be 
programmed for recording data. At T^, the voltage level of 
the source line SL is first raised from OV toward a low 
voltage level Vcc. In the preferred embodiment, the low 
voltage level Vcc is a voltage level (3.3V for example) pro- 
vided by an external power supply when the flash memory 
10 works. At T^, the voltage levels of the control gates of 
the main bit line selecting transistors SGB , SGB are 

^ 0 1 



raised from OV toward the low voltage level Vcc. There- 
fore, both of the main bit line selecting transistors SGB^, 

SGB are turned on. In addition, because no cell transistor 
1 

within the memory cell string 34a needs to be pro- 
grammed at T^, the main bit line MBL^ corresponding to 
the memory cell string 34a still holds a voltage level 
equaling OV. On the contrary, because the memory cell 
string 34b has the selected cell transistor M^, a voltage 
level of the main bit line MBL^ corresponding to the mem- 
ory cell string 34b is raised from OV toward the low volt- 
age level Vcc. 

[0021] Because the main bit line selecting transistors SGB^, SGB^ 
are turned on after T^, the voltage levels of the main bit 
lines MBL^, MBL^ then affect corresponding local bit lines 
LBL^, LBL^. That is, the voltage level of the local bit line 
LBL^ still approaches OV after T^. However, the voltage 
level of the local bit line LBL^ approaches (Vcc-Vth), 
wherein Vth represents a threshold voltage of the main bit 
line selecting transistor SGB^. For instance, if Vth equals 
0.7V, the voltage level of the local bit line LBL^ becomes 
2.6 V. 

[0022] At T^, the voltage level of the word line WL^ correspond- 
ing to the selected cell transistor is driven from origi- 



nal OV to approach lOV. For unselected cell transistors M 

X 

(the cell transistor for example) within the memory cell 
string 34b, the corresponding word lines WL (the word 
line WL^ for example) still hold OV. Then, the voltage lev- 
els of control gates of the main bit line selecting transis- 
tors SGB , SGB are dropped from Vcc toward 1.5V at T . 
The voltage level of the main bit line MBL^ still corre- 
sponds to OV. Therefore, the main bit line selecting tran- 
sistor SGB is still turned on to continue driving the local 
0 ^ 

bit line LBL^ to hold OV. However, because the voltage 
level of the main bit line MBL^ is equal to Vcc, the main bit 
line selecting transistor SGB^ is turned off. In other words, 
the local bit line LBL^ is floating after T^. 
[0023] Next, the method of programming the flash memory ac- 
cording to the present invention starts boosting the volt- 
age level of the source line SL. In the preferred embodi- 
ment, the voltage level of the source line SL is raised from 
Vcc toward a high voltage level +7V at T^. As shown in 
Fig. 2, one end of the buried bit line built by the shallow P- 
well SPW^ is electrically connected to the local bit line LBL 
^, and another end of the buried bit line corresponds to an 
open circuit. Therefore, when the local bit line LBL^ is 
floating owing to the disabled main bit line selecting tran- 



sistor SGB^, the buried bit line and corresponding local bit 
line LBL^ are floating as well. As shown in Fig. 3, the volt- 
age difference between the local bit line LBL^ and the 
source line SL is equal to 0.7V before T . However, when 
the voltage level of the source line SL is raised from Vcc to 
+ 7V after T^, the capacitance coupling between the cell 
N-well CNW and the buried bit line (the shallow P-well 
SPW^) corresponding to the local bit line LBL^ increases 
the voltage level of the floating local bit line LBL^ owing to 
the voltage boost at the source line SL. Please note that 
the cell N-well CNW is electrically connected to the source 
line SL, and the shallow P-well SPW^ is electrically con- 
nected to the local bit line LBL . In other words, because 

1 

the voltage level of the source line SL is increased by 
+3.7V, and is raised from Vcc to +7V, the voltage level of 
the floating shallow P-well SPW^ is accordingly raised ow- 
ing to the capacitance coupling for holding the original 
voltage difference (0.7V) between the shallow P-well SPW^ 
and the source line SL. 
[0024] In addition, concerning the memory cell string 34b having 
the selected cell transistor M^, voltage levels of those 
word lines WL corresponding to the unselected cell tran- 
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sistors at the same local bit line LBL are raised from OV to 

1 



Vcc after T^. The above operation has two main objec- 
tives. One is to alleviate the bit line disturbance, and an- 
other is to further boost the voltage level of the local bit 
line LBL^. As mentioned above, the voltage level of the lo- 
cal bit line LBL^ is increased. With regard to the bit line 
disturbance, if the voltage levels of the unselected word 
lines WL^ equal OV, a voltage difference is induced be- 
tween the control gate of each unselected cell transistor 
and the shallow P-well SPW^. Though the induced voltage 
difference is not high enough to greatly expel the elec- 
trons on the control gate of the unselected cell transistor, 
it is capable of expelling a small amount of electrons 
originally stored on the floating gate of the unselected cell 
transistor. For instance, suppose that only the cell transis- 
tor within the memory cell string 34b does not need to 
be programmed, and the remaining cell transistors M^-M^ 
are programmed for recording data. As mentioned above, 
the programming operation is repeatedly performed 7 
times to program the target cell transistors M^-M^. There- 
fore, the small voltage difference between the control gate 
of the cell transistor M and the shallow P-well SPW 
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gradually reduces the amount of electrons stored on the 
floating gate of the unselected cell transistor M^. Con- 



cerning the worst case, the amount of electrons stored on 
the unselected cell transistor is less than a predeter- 
mined quantity after a period of time, and the unselected 
cell transistor is erroneously programmed. 
[0025] Generally speaking, each of the memory cell strings 34a, 
34b actually corresponds to 32 bit lines. In addition, the 
number of the memory cell strings corresponding to the 
same local bit line probably equals 8 or much more. Thus, 
for the unselected cell transistors corresponding to the 
same local bit line, they are easily influenced to lose the 
stored electrons because of the raised voltage level of the 
local bit line. Therefore, when a reading operation is per- 
formed, the erroneous logic value is outputted. In the 
preferred embodiment, when the voltage level of the local 
bit line LBL is increased to reach +5V after T for activat- 
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ing the FN tunneling inside the cell transistor M^, the volt- 
age level of the control gate of the unselected cell transis- 
tor is also raised to Vcc. It is obvious that the voltage dif- 
ference between the control gate of the unselected cell 

transistor and the shallow P-well SPW is reduced. In other 

1 

words, the voltage level of the control gate of the unse- 
lected cell transistor is increased to slow theejection rate 
of the originally stored electrons. Therefore, the bit line 



disturbance is eased. 
[0026] It is obvious that an oxide layer exists between the shal- 
low P-well SPW^ and the control gate of the unselected 
cell transistor. Thus, an equivalent capacitor is established 
between the shallow P-well SPW^ and the control gate of 
the unselected cell transistor. Before T^, a voltage differ- 
ence between the shallow P-well SPW and the control 

1 

gate of the unselected cell is equal to 2.6V. That is, the 
voltage difference kept by the capacitor is equal to 2.6V. 
However, the voltage level of the control gate of the unse- 
lected cell transistor is increased to approach Vcc after T^. 

As mentioned above, the local bit line LBL remains float- 

1 

ing at this time. Therefore, the raised voltage level of the 
control gate of the unselected cell pulls up the voltage 
level of the shallow P-well SPW^ through the well-known 
capacitance coupling. That is, not only does the source 
line SL boost the voltage level of the local bit line LBL^, 
but the voltage level of the control gate of the unselected 
cell transistor increases the voltage level of the local bit 
line LBL^. In the end, the local bit line LBL^ is capable of 
having a voltage level equaling +5V that is great enough 
to enable the FN tunneling inside the cell transistor for 
completing the desired programming operation. 



[0027] Next, in order to terminate tlie programming operation 
imposed on the cell transistor M^, the voltage level of the 
word line WL^ corresponding to the cell transistor is 
reduced from lOV to an initial voltage level (OV) after T^, 
and the voltage levels of the control gates of the main bit 
line selecting transistors SGB^, SGB^ are driven to ap- 
proach +9V. Finally, the voltage levels of the main bit line 

MBL , the local bit line LBL , and the word lines of the un- 
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selected cell transistors correspond to the initial voltage 
level (OV). 

[0028] As described before, the method of programming the 

flash memory according to the present invention utilizes 
the capacitance coupling between the source line SL and 
the shallow P-well SPW^ to provide the local bit line LBL^ 
with an appropriate voltage level to program the selected 
cell transistor within the memory cell string 34b. That 
is, the claimed method utilizes the source line SL to input 
a high voltage level (+7V for example) used for activating 
the FN tunneling inside the cell transistor M^. Because the 
source line SL functioning as an input port corresponds to 
a smaller capacitance value, a small driving current is ca- 
pable of driving the source line SL to approach the wanted 
high voltage level. The reason is described as follows. 



[0029] Please refer to Fig. 4 in conjunction witli Fig.l and Fig. 2. 
Fig. 4 is a second equivalent circuit diagram of tlie flash 
memory 10 shown in Fig.l. V^^^ stands for the voltage 
level of the main bit line 30 corresponding to the selected 
memory cell string 18. V^^ stands for the voltage level of 
the word line WL corresponding to the cell transistor re- 
quired to be programmed. V^^^ represents the voltage 
levels of the word lines WL^ corresponding to the unse- 
lected cell transistors. V^^^^ represents the voltage levels 
of the local bit lines LBL^ corresponding to the unselected 
memory cell string 18 adjacent to the selected memory 
cell string 18. V^^ stands for the voltage level of the 
source line SL. 

[0030] In addition, SGB represents the main bit line selecting 
transistor of the selected memory cell string 18, and 
functions as a switch. C stands for a capacitor corre- 

MBL 

sponding to the main bit line 30 of the selected memory 
cell string 18. C stands for a capacitor existing be- 

^ WL/SPW ^ ^ 

tween the control gate of the selected cell transistor and 
the corresponding shallow P-well 16. C stands for 

^ ^ WLx/SPW 

a capacitor existing between the control gates of the uns- 
elected cell transistors and the corresponding shallow P- 
well 16. C represents a capacitor existing between 

LBL/LBL ^ 



the local bit line 26 of the selected memory cell string 18 
and the adjacent local bit lines LBL^ of the unselected 
memory cell string 18. C stands for a junction ca- 

' ^ SPW/CNW 

pacitor between the shallow P-well 16 corresponding to 
the selected memory cell string 18 and the cell N-well 14. 
C represents a junction capacitor between the cell 

CNW/DPW f J f 

N-well 14 and the deep P-well 12. In addition, R rep- 

^ CNW ^ 

resents the resistance value associated with the cell N- 
well 14. 

[0031] Taking the flash memory 10 shown in Fig. 2 for example, 
suppose that the cell transistor within the memory cell 
string 34b needs to be programmed, V^^^ is the voltage 
level of the main bit line MBL , V is the voltage of the 

1 WLx ^ 

word lines WL , WL , WL -WL of the unselected cell tran- 

12 4 7 

sistors M , M , and M -M , V is the voltage level of the 

1 2 4 7 SL ^ 

source line SL, and SGB is the main bit line selecting tran- 
sistor SGB^ corresponding to the memory cell string 34b. 
Therefore, C^^^^ is a parasitic capacitor corresponding to 
the main bit line MBL , C is a coupling capacitor be- 

1 WL/SPW f ^ f 

tween the control gate of the cell transistor and the 
shallow P-well SPW , C is a coupling capacitor be- 

1 WLx/SPW r- 3 K 

tween the control gates of the unselected cell transistors 
M , M , M -M and the shallow P-well SPW C is a 

1 2 4 7 1, LBL/LBL 



coupling capacitor between tlie local bit line LBL^ and the 
adjacent local bit lines LBL , C is a Junction capaci- 

0 SPW/CNW ^ 

tor between the shallow P-well SPW and the cell N-well 

1 

CNW. C is a Junction capacitor between the cell N- 

CNW/DPW 

well CNW and the deep P-well DPW, and R is the resis- 

^ CNW 

tance of the cell N-well CNW. 
[0032] In the preferred embodiment, each of the local bit lines 
LBL , LBL includes 256 cell transistors. In addition, each 

0 1 

of the local bit lines LBL^, LBL^ has a length equaling 
80um, and the space between adjacent local bit lines LBL^, 

LBL equals 0.2um. For the local bit lines LBL , LBL , the 

1 ^ o' i' 

capacitance value is roughly equal to 2pF per meter. In 
other words, the coupling capacitor C between the 

^ ^ ^ LBL/ LBL 

local bit lines LBL^, LBL^ has a capacitance value equaling 
16fF. In addition, a cell transistor in the preferred embod- 
iment utilizes an oxide-nitride-oxide (ONO) structure to 
form the desired floating gate. Therefore, the coupling 
capacitor between the control gate of the cell transistor 
and the shallow P-well has a capacitance value equal to 
O.OSfF. For the selected cell transistor M within the 
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memory cell string 34b, the capacitance value of the cor- 
responding capacitor C is equal to O.OSfF. With re- 

^ WL/SPW 

gard to other unselected cell transistors M , M , M -M , 

a l' 2 4 7' 



each of the corresponding capacitors has the same capac- 
itance value O.OSfF. When the local bit line LBL includes 

1 

256 cell transistors, these parallel capacitors associated 
with the 255 unselected cell transistors are connected to 
form an equivalent capacitor having a capacitance value 
equaling 12.75fF. The junction capacitor C be- 

^ ^ ^ CNW/DPW 

tween the cell N-well CNW and the deep P-well DPW has a 
capacitance value equaling 500pF, and the Junction ca- 
pacitor C between the shallow P-well SPW and the 

^ SPW/CNW 1 

cell N-well CNW has a capacitance value equaling 39fF. 
[0033] As shown in Fig. 4, the voltage level (+2.6V) of the local bit 
line LBL^ is not high enough to enable the FN tunneling 
inside the cell transistor before T^. When a charge 
pump circuit starts driving the voltage level of the source 
line SL to approach +7V after T^, the voltage difference 
between the local bit line LBL and the word line WL is 
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great enough to activate the FN tunneling inside the cell 
transistor M^. That is, the charge pump circuit has to pro- 
vide the source line SL with a driving current I to increase 
the voltage level of the source line SL. Please note that the 
main bit line selecting transistor SGB shown in Fig. 4 cor- 
responds to an open circuit now. 
[0034] For the flash memory 10 shown in Fig.l, a plurality of cell 



transistors within a memory blocl< are formed on tlie same 
cell N-well 14, and a plurality of memory blocks within 
the flash memory 10 are formed on the same deep P-well 
12. In other words, compared with the shallow P-well 16, 
the cell N-well 14 and the deep P-well 12 have larger ar- 
eas. Therefore, a capacitor between the cell N-well 14 and 
the deep P-well 12 corresponds to a greater capacitance 
value. As mentioned above, the capacitance value of the 
capacitor C is equal to 500pF, and is greater than 

^ CNW/DPW ^ 

Other capacitors C (16fF), C (O.OSfF), C 

^ LBL/LBL WL/SPW WLx/SPW 

(12.75fF), and C (39fF). Please note that the charge 

SPW/CNW ^ 

pump circuit in the preferred embodiment drives the 
source line SL, and the maximum loading capacitor has a 
capacitance value equaling 500pF. However, for the prior 
art charge pump circuit, it drives the main bit line, and the 
maximum loading capacitor has a capacitance value 
equaling 4k*6pF. Therefore, according to the preferred 
embodiment, the overall loading capacitor for the charge 
pump circuit corresponds to a smaller capacitance value. 
[0035] Based on the structure shown in Fig. 4, the driving current 
I mostly is used to charge the capacitor C to in- 

' ^ ^ CNW/DPW 

crease the voltage difference between two ends of the C 
. If the charge pump circuit wants to raise the 

CNW/DPW ^ ^ ^ 



voltage level of the source line SL from +3.3V to +7V in 
lOjj s, the required driving current I is computed accord- 
ing to the following equation. 

[0036] c *AV=l*At 
CNW/DPW 

[0037] 500pF*(7-3.3)V=l*10M s 

[0038] |=185m a It is obvious that when the method of program- 
ming the flash memory according to the present invention 
is used for programming a cell transistor, the required 
driving current (185m A) provided by the charge pump cir- 
cuit corresponds to a magnitude less than that of a prior 
art driving current (16.8mA). Therefore, the method of 
programming the flash memory according to the present 
invention needs a small driving current I to perform the 
programming operation. Because the output power of the 
charge pump circuit is greatly lowered, the size of the 
charge pump circuit is accordingly reduced. 

[0039] In contrast to the prior art, the method of programming 
the flash memory according to the present invention first 
boosts the voltage level of a source line to a low voltage 
level, and then floats a local bit line. Next, the voltage 
level of the source line is further boosted toward a high 
voltage level so that the capacitance coupling works to 



raise the voltage level of the floating local bit line. In the 
end, the FN tunneling is induced to program the target 
cell transistor. When the charge pump circuit drives the 
source line, it encounters a smaller loading capacitor. 
Therefore, the charge pump circuit is merely required to 
provide a small driving current, and the generated driving 
current is capable of driving the voltage level of the 
source line to approach the wanted high voltage level. 
When the charge pump circuit operates according to the 
claimed method, the charge pump circuit does not need 
to have much driving power and a complicated circuit 
structure for outputting the prior art great driving current. 
From the above description, the method of programming 
the flash memory according to the present invention eases 
the power requirement of the charge pump circuit, and 
reduces the chip size occupied by the charge pump cir- 
cuit. 



